We present the results of a photometric study of 85 objects from the updated sample of galaxies residing in the nearby Lynx-Cancer void. We perform our photometry on u, g, r, and i-band images of the Sloan Digital Sky Survey. We determine model-independent galaxy parameters such as the integrated magnitudes and colors, effective radii and the corresponding surface brightness values, optical radii and Holmberg radii. We analyze the radial surface brightness profiles to determine the central brightness values and scale lengths of the model disks. We analyze the colors of the outer parts of the galaxies and compare them with model evolutionary tracks computed using the PEGASE 2 software package. This allowed us to estimate the time T SF elapsed since the onset of star formation, which turned out to be on the order of the cosmological time T 0 for the overwhelming majority of the galaxies studied. However, for 13 galaxies of the sample the time T SF does not exceed T 0 /2 ∼ 7 Gyr, and for 7 of them T SF 3.5 Gyr. The latter are mostly unevolved objects dominated by low-luminosity galaxies with M B > −13.2. We use the integrated magnitudes and colors to estimate the stellar masses of the galaxies. We estimate the parameter M(H I)/L B and the gas mass fractions for void galaxies with known H I-line fluxes. A small subgroup (about 10%) of the gas-richest void galaxies with M(H I)/L B 2.5 has gas mass fractions that reach 94-99%. The outer regions of many of these galaxies show atypically blue colors. To test various statistical differences between void galaxies and galaxies from the samples selected using more general criteria, we compare some of the parameters of void galaxies with similar data for the sample of 195 galaxies from the Equatorial Survey (ES) based on a part of the HIPASS blind H I survey. The compared samples have similar properties in the common luminosity range −18.5 < M g < −13.5. The faintest void galaxies differ appreciably from the ES survey galaxies. However, the ES survey also contains about 7% of the so-called "inchoate" galaxies with high M(H I)/L B ratios, most of which are located far from massive neighbors and are probably analogs of void galaxies.
INTRODUCTION
Voids in the large-scale distribution of galaxies were discovered more than 30 years ago (e.g., [1, 2] ). Observationally they are commonly defined as regions with no galaxies of normal and high luminosity: M B ≥ −20, which corresponds to the break in the galaxy luminosity function (e.g., [3] ). Voids occupy more than half of the volume of the present-day Universe. Note that the number of galaxies in the voids does not exceed 20% of the total number of catalogued galaxies, and this fraction is indicative of a significantly lower mass density inside these structures. In numerical models of the evolution of matter in the hot Universe with dark matter (DM), voids arise as natural structures and, on the whole, resemble the observed voids rather closely. However, the number of galaxies observed in voids is several times smaller than the predicted number of gravitationally bound DM haloes. The cause of this phenomenon, which was formulated in different forms by de Lapparent [4] , Peebles [5] , and Tikhonov and Klypin [6] , remains unclear.
It is hoped that further improvement of models of the formation and evolution of galaxies will reduce the gap between the number of DM haloes and real galaxies. The above phenomenon may be caused, among other things, by the *** E-mail:akniazev@saao.ac.za higher fraction of low surface brightness galaxies (LSBD) in the voids, because such objects are more difficult to detect and identify. More detailed and extensive studies of the properties of galaxies in the voids are needed to understand the situation with such objects. Most of the authors working in this direction (e.g., [7] [8] [9] ) studied large distant voids and, because of natural observational selection, dealt only with the brightest void galaxies (M r −16.5). No substantial differences have been found between these galaxies and similar galaxies in denser structures, except that the former have somewhat bluer colors.
In their recent paper Hoyle et al. [10] studied the photometric properties of almost 90 000 galaxies in about 1000 voids by analyzing their SDSS images. They similarly found that dwarfs of all types in voids are systematically bluer compared to their analogs in denser environments.
One would expect, based on general considerations and simulations, that the effects of the environment on the evolution should be most significant for the least massive galaxies (e.g., [11] ).
The currently available results suggest that the following factors should influence the evolutionary status of low-mass galaxies in the voids.
(1) An appreciably delayed formation of gravitationally bound DM halos with masses typical of dwarf galaxies in low-density large-scale structures (voids) [12] and slow evolution of (a part of) void galaxies.
(2) Voids are filled mostly with low-mass galax-ies. Therefore, because of the well-known correlation between luminosity and surface brightness (e.g., [13] ), their population contains a higher fraction of LSB galaxies. Numerical simulations of the interaction of low-and normal-(high-, HSB) surface brightness disk galaxies [14] in the case of their encounters without mergers show that the final response differs strongly for the two types of objects. HSB galaxies respond to such interactions by developing a bar and a mature burst of star formation, whereas the response in LSB galaxies is much weaker with the star-formation rate increasing only slightly. The number of collisions in voids during the lifetime of a galaxy is several times smaller than in the average-density regions, and therefore one would expect an appreciable fraction of void galaxies to have never been affected by "significant" interactions. However, these general considerations should be validated by numerical simulations taking into account many subtle details of the formation and evolution of galaxies.
(3) Kreckel et al. [11] analyzed the results of such a simulation of the evolution of galaxies in voids and found evidence suggesting that these galaxies differ from the galaxies in denser regions, but this is only true for the lowest-mass objects in their modeled mass range (which corresponds to luminosities M r ranging from −12 m to −16 m ).
It follows from the above that one must search for the possible evolutionary peculiarities in the least massive void galaxies by studying sufficiently close objects.
The first deep sample of 79 galaxies (down to M B ∼ −12) in the nearby Lynx-Cancer void was presented by Pustilnik and Teplyakova [15] .
The results of their study suggest that the effect of low-density environment indeed exists for such low-mass galaxies, and that it manifests itself in the slower rate of evolution. According to the conclusions of Pustilnik et al. [16] , void galaxies have systematically lower metallicities (on the average, by 30%) compared to the galaxies in denser environments. Furthermore, a small but quite significant (about 10%) fraction of void galaxies have peculiar properties typical of evolutionarily young (unevolved) objects [17, 18] . We should also mention the socalled Void Galaxy Survey (VGS, [19] ) carried out to study the H I structure and optical properties of about 60 SDSS galaxies residing near the centers of large but relatively distant (approximately 80 Mpc) voids. Only for some of the closest voids of this sample, the luminosities of the galaxies studied are more or less close to the median luminosity of the sample in the Lynx-Cancer void. It is among such galaxies that Kreckel et al. [19] found three very gas-rich objects.
In this paper we report the results of our photometric study of the galaxies in the LynxCancer void based on their u, g, r, i-band images from the SDSS DR7 (Sloan Digital Sky Survey Data Release 7) database [20] . The aim of our photometric analysis is to determine the basic parameters of the sample galaxies in order to study the statistical properties of void galaxies and compare the results with those obtained for other samples of similar galaxies in denser environments or samples based on other criteria.
The integrated magnitudes and color indices of the galaxies can be used to estimate their stellar masses. Furthermore, the colors of the outer regions of the galaxies, which usually bear no traces of recent or ongoing star formation, are compared to model evolutionary tracks and used as age indicators for the oldest (visible) stellar population. One of the aims of this study is to estimate these ages.
UPDATED GALAXY SAMPLE IN THE LYNX-CANCER VOID
A detailed description of the original sample of galaxies in the Lynx-Cancer void can be found in our earlier paper [15] , where we present a list of 79 galaxies residing in this void a simplyconnected domain containing no galaxies of normal and high luminosity (here M B < −19.0).
The void is described by a sphere with a radius of 8 Mpc together with the adjoining regions.
The void galaxies satisfy the condition of sufficient separation (more than 2 Mpc) from galaxies brighter than M B = −19.0. We discuss the completeness of the sample in the same paper. As of now, more than 20 new galaxies of the void have been found. Some of them were discovered as a result of a program of the search for new LSB dwarf galaxies in this void, and the remaining ones as a result of new surveys (mostly the ALFALFA survey [24] ) and a detailed analysis of the data for the already known galaxies in this sky area.
We are preparing the updated sample of galaxies of the Lynx-Cancer void for publication. The new version includes 101 galaxies, 16
of which lie outside the sky area covered by SDSS fields. We limit our analysis to 85 galaxies listed in Table 1 . We base our study on the updated sample in order to study the photometric properties of void galaxies with maximum completeness.
METHODS OF PHOTOMETRIC

REDUCTION
The SDSS survey [25] offers high-quality calibrated images taken in the u, g, r, i, z bands.
Therefore primary reduction has to include only one extra step thorough subtraction of the sky background. We performed this procedure in the ESO-MIDAS environment using the aip package as described in detail in the paper by Kniazev et al. [26] . The object under study is masked and the sky background is approximated by a two-dimensional polynomial. The resulting sky background model is then subtracted from the image. The sky background in the masked region is interpolated from the surrounding region.
Ring aperture photometry is then performed to measure the flux inside the masked region for the u, g, r, i-band images with subtracted background. The inferred fluxes are then converted into integrated magnitudes of the galaxies. To convert the instrumental fluxes into magnitudes,
we use a set of photometric coefficients for each field of the SDSS database.
We determine the following modelindependent parameters for all galaxies:
integrated u, g, r, i-band magnitudes, integrated
, (r − i) colors, and integrated B tot magnitudes converted from the g-and r-band magnitudes by the formulas proposed by Lupton [27] . After creation of the surface brightness profile, we estimate for each object the radii R 50 and R 90 containing 50% and 90% of the u, g, r, i-band fluxes of the galaxy.
In addition, we estimate the effective surface brightness inside the R 50 radius, the observed minor-to-major semiaxis ratio b/a, the "optical" and Holmberg radii [28] (at the µ(B) = 25.0 and 26. m 5/ ′′ surface brightness levels respectively).
We multiply all the effective radii by a factor of a/b.
Fitting an exponential or Sersic [29] law to the radial surface brightness profiles allowed us to determine the model parameters µ 0 of the central u, g, r, i-band surface brightness. We then compute the B-band central brightness µ 0 (B) from µ 0 (g) and µ 0 (r) by Lupton's formulas [27] . We also estimate the u, g, r, i, and B-band (µ 0,c,i (B)) central surface brightness values corrected for the inclination of the galaxy disk to the line of sight and the foreground extinction in our Galaxy in accordance with [30] .
We compute the inclination correction by the formula δµ = −2.5 log(cos i), where i is the angle between the disk plane and the line of sight.
For objects with inclinations i > 70 • , we compute the corresponding correction by the formula
where we set the α/α z scale length ratio equal to 5 [32] . We compute both corrections assuming negligible internal extinction in the galaxies considered. We compute the angle i by the standard formula
where p = b/a and q are the observed axial ratio and the axial ratio of the real disk respectively.
We set q = 0.2 for relatively bright late-type galaxies and q = 0.4 for low-luminosity objects with M B > −14.8 in accordance with the results of Roychowdhury et al. [33] . We also estimate the (characteristic) disk scale length α for the u, g, r, i-band images and for the Sersic exponent n.
Determination of the Ages of the Old Stellar Population
We estimate the colors of the outer parts of the galaxies by performing additional photometry inside a set of small circular apertures (with the radii of about 4 ′′ ) at the periphery of the galaxies excluding small higher-luminosity areas.
We then sum up the flux in these apertures and convert it into magnitudes and colors. For the The PEGASE2 software package is designed for computing models of the photometric evolution of galaxies. The main parameters of the models are: the initial mass function ϕ(M) = M −(1+x) , the star-formation law SFR(t), and stellar metallicity Z. We use for our analysis the initial mass functions (IMF) of Salpeter [34] and Kroupa et al. [35] , which best describe the observed distri- The filter transmission curves used to compute the PEGASE2 evolutionary tracks slightly differ from the transmission curves of the u, g, r, i filters used in actual SDSS observations. We use the formulas from Tucker et al. [36] to eliminate the resulting small biases.
Gas Mass Fraction
The total hydrogen mass M(H I) for the galaxies of our sample with measured inte- The photometry obtained as a result of this study can be used to estimate the total stellar masses. Given the gas mass and that of the stars, an evolutionary parameter the gas mass fraction can be determined. The total stellar mass M * is commonly estimated from the integrated photometry of a galaxy in one of the broadband filters λ using the corresponding parameter Υ λ = M * /L λ the mass-to-luminosity ratio for the stellar population, which depends on the color of the stellar continuum. We use for our estimates of M * the mass-to-luminosity ratio Υ and its dependence on the color indices as derived by Zibetti et al. [38] . More precisely, we use the ratio Υ g (g − i) and g-band luminosity, because this combination yields the most robust results in the optical part of the spectrum. In our opinion, the mass-to-luminosity ratio Υ from [38] takes most adequately into account the complex history of star formation in low-mass galaxies including the recent episodes.
We use this stellar mass estimate M * to compute the baryonic mass M bary = M * + M gas of the galaxy and then the gas mass fraction f gas , i.e., the ratio of the total gas mass to the total baryonic mass. To compare our results with those obtained for other samples, we also compute the model-independent parameter M(H I)/L B which is the ratio of the hydrogen mass to B-band luminosity in solar units; this parameter is often used in less detailed studies.
Here L B is determined from the B tot magnitude computed using Lupton's formulas [27] from our independent g and r-band photometry. This parameter provides a coarse estimate of the gas mass fraction for galaxies with no color information available. Table 1 (g−r), (r−i); (6), (7), (8) the colors of outer parts
RESULTS
Fitting the photometric profiles to an exponential disk or, in a more general case, to
Serscic's law [29] yields the model parameters for the subsample of the 14 so-called "inchoate"
galaxies from [22] .
that are also listed in Table 4 : (2), (3) 
ANALYSIS AND DISCUSSION
Parameter Distributions
We construct the observed distributions of the most important quantities for the sample studied to understand the full range of their variation. we show the distribution of M B,0 for the subsample of the so-called "inchoate" galaxies from the ES survey [22] (red hatching in the same figure).
Garcia-Appadoo et al. [22] In addition, to better understand the nature of the galaxies in this subsample, we searched their neighborhoods for the presence of massive galax- Figure 5 . Distribution of the Sersic index [29] of the radial g-band surface brightness profile for 85 void galaxies. ies. Of the 14 "inchoate" galaxies nine are separated by at least 1 Mpc from the closest massive galaxy, and for the six most gas-rich objects the distances to the closest massive galaxies lie in the range of 2-5 Mpc. Thus, the galaxies of this subsample, like our void galaxies, show evident signs of isolation. "inchoate" galaxies from the total sample of the blind H I survey (ES) from [22] . tion for the "inchoate" galaxies from [22] (the red hatching). The median M(H I)/L B ratio for this sample is equal to about 3.4. Garcia-Appadoo et al. [22] associate the term "inchoate" with the irregular shapes of these galaxies: the above authors assume that these systems are in the process of formation or at the beginning of their evolution. We show below that some of the galaxies in our sample also have peculiar properties and resemble "inchoate" objects from the ES sample (see Table 1 ). Furthermore, they are unusually blue ((B − V ) < 0.3) and the median value of
with the corresponding parameter for the subsample of Garcia-Appadoo et al. [22] . Figure 8 shows the distribution of the gas mass fraction f gas . The gas mass fraction for 59%
of the void galaxies with available H I data lies in the range of 80-99%. Such a high concentration of gas-rich objects in our sample indicates, as we already pointed out in our earlier paper [16] , that the void population evolves more slowly than the galaxies in denser environments.
Relations Between the Parameters of Void Galaxies
In Fig. 9 we compare the absolute magnitude A similar line (shown by the blue dashes) based on the data for an extensive sample of galaxies (about 45 000 objects) from Cross and Driver [13] and extrapolated into the domain of low luminosities (the blue dotted line) runs close to the center of the distribution for void galaxies but has a significantly higher slope (k = 0.28). This difference must be due to the higher dwarf fraction in the sample of void galaxies and greater diversity of their properties. Furthermore, the scatter around the regression line for the sample of Cross and Driver [13] is smaller than for void galaxies: σ µ ∼ 0. m 5/ ′′ and 1. m 0/ ′′ respectively. The blue dashed line shows the linear regression from Garcia-Appadoo et al. [22] , the blue dotted line shows its extension to the domain of low luminosities, the blue dash-dotted lines show the scatter of the data points of the sample of Garcia-Appadoo et al. [22] , and the open triangles show the group of 14 so-called "inchoate"
galaxies pointed out by the above authors.
to the slope for the sample from [13] namely, k = −0.70 if considering the correlation with the luminosity instead of the absolute magnitude. The scatter of the parameter µ eff (g) for void galaxies is, like the corresponding scatter for the sample of the ES survey, quite significant, reaching 3 or more magnitudes at a given luminosity.
The galaxies at the extremes of the range make the decrease of the surface brightness with decreasing luminosity in Figs. 10 and 11 more or less apparent. However, the rather large scatter of µ eff (g) for the void galaxies at the center gression slope. for the log L B < 7.5 domain. Extending the analysis to other galaxies of this void and to low-mass galaxies from other nearby voids will increase the total number of galaxies involved by a factor of 2-3 and provide a better understanding of the discussed relation.
As is evident from Fig. 14 , the g-band concen-
and R 50 (g) are the radii containing 90% and half of the g-band flux of the galaxy) does not depend on luminosity L g . The mean concentration index averaged over the galaxies of our sample is C(g) = 2.44 (the red solid line) which is close to the value 2.32 for purely exponential disks. When computing our mean value, by the blue dashed line the linear regression for the galaxies of the ES survey (k = 0.25) and the positions of the "inchoate" galaxies from [22] (the open triangles). Whereas the galaxies of the ES sample exhibit a strong trend, the (g − r) tot colors (like the parameter µ eff (g) in Fig. 11 ) on the average vary only slightly with decreasing luminosity: from 0.35 to about 0.15, albeit with a large scatter. To understand the nature of this scatter better, galaxies with extreme (g − r) tot parameters should be studied in more detail. Figure 16 shows the relationship between the stellar mass fraction (log(1 − f gas )) and integrated color (g − r) tot . The red solid line shows the linear regression between these parameters medium). However, the scatter of the parameter O/H is so large that the "closed box" approximation is often invalid in void galaxies, including LSBD galaxies.
Two-Color Diagrams and Age Estimates
In Figs for the four BCGs in our sample. We excluded these objects from further analysis because the We discuss these galaxies and their peculiarities in more detail in the next section. 
Peculiar Galaxies of the Void
The peculiar properties of some galaxies A closer analysis of the properties of the most peculiar galaxies mentioned above suggests that their fraction is much higher among less luminous galaxies. However, this may be an accidental result due to the statistically small number of bright void galaxies. The hypothesis about a relation between the luminosity and the fraction of unevolved galaxies in the void can be tested using the statistical criterion "2×2 contingency Appendix to [49] ).
If there is no real correlation in the sample of void galaxies between the properties of low luminosity and "small" age, then in the case of the observed distribution of absolute magnitudes and whatever threshold M faint is adopted, the numbers in the contingency table should correspond to a relatively low probability of rejecting the null hypothesis.
To account more fully for all the available information on the unevolved galaxies of the Lynx-Cancer void sample, we considered the object J0723+3624 with the absolute magnitude M B = −9.57 to be an unevolved object when analyzing the 2×2 contingency table. Despite the failure to measure the peripheral colors of this very small galaxy, which is a member of the unusual triplet in the central part of the void, the record high gas mass fraction of this object (0.997) and its blue integrated color result in age estimates of less than 2-3 Gyr in any reasonable evolutionary scenario (Fig. 7 in [18] ). In view of the above, the 2×2 contingency (NRF) of South Africa. We are grateful to the SDSS consortium for the spectroscopic, photometric, and auxiliary information on the studied galaxies available from the SDSS database [20] . 
